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Theoretical study of Anderson impurity models (AIM) [1] has long formed a cornerstone of research in strongly correlated electron systems [2] . Its pursuit has recently acquired added impetus both from the experimental discovery that direct, tunable mesoscopic realisations of AIMs are provided by nanostructure devices such as quantum dots [3] , or surface atoms probed by scanning tunneling microscopy [4] ; as well as from the advent of dynamical mean-field theory for correlated lattice-based fermions [5, 6] , within which models such as the Hubbard or periodic Anderson lattices map onto an effective, self-consistent AIM. There is however a disparity between progress in theoretical descriptions of static (thermodynamic and related) properties of AIMs, and dynamical properties such as single-particle excitations. The former are generally well understood [2] , at least for the conventional (metallic) AIM [1] , using a variety of powerful techniques that often yield exact results but unfortunately do not in general permit ready access to dynamics. Extant theories for the latter by contrast, which in principle should also recover static properties as a limiting case and are approximate by necessity, suffer from well known qualitative limitations [2] . And while numerical approaches, notably Wilson's numerical renormalization group (NRG) [7] , circumvent most beautifully this impasse and provide benchmark numerical results (see e.g. [2] ), the need for new, approximate theoretical methods is not thereby vitiated.
We have recently initiated development of one such -the local moment approach (LMA) [8, 9] -a non-perturbative many-body method in which the notion of local moments [1] is introduced explicitly and self-consistently from the outset. The underlying approach is simple and physically transparent, but not without virtue: for example it handles singleparticle dynamics on all energy scales, while recovering correctly Fermi liquid behaviour at low energies; capturing in particular the spin-fluctuation physics charactristic of the strong coupling Kondo regime, where it leads to good quantitative agreement with NRG results for e.g. the universal single-particle scaling spectrum (see fig. 10 of [10] ). The LMA is not moreover specific to the Fermi liquid behaviour ubiquitous in the conventional AIM. It can also handle non-Fermi liquid phases such as arise in the soft-gap AIM, to which the approach has also recently been applied [9] and compared successfully to NRG results in [10] .
Static properties resultant from the LMA have not however been considered hitherto. That is the purpose of the present paper: to consider the LMA for the conventional symmetric AIM, generalised to include the effect of an applied magnetic field, in order to determine static properties and their field dependence, notably the excess impurity magnetization (and hence linear conductance of a quantum dot (see below)), the spin susceptibility and Wilson ratio. Our primary emphasis is naturally on the strong coupling Kondo regime, where we make comparison to and and find striking agreement with exact results provided by the Bethe ansatz [11] . This provides an acid test for any approximate theory, and since the LMA is confined neither to statics nor to integrable models, its success in describing quantum impurity models for which exact results are available provides important evidence for the strength of this new approach in generic situations where exact results will not typically be possible.
The AIM Hamiltonian is given in standard notation bŷ
The first term refers to the non-interacting host; and the second to the impurity with on-site interaction U . ǫ iσ = ǫ i − σh includes the (local) Zeeman coupling to the external field H, with h = 
where
WhileΣ σ (ω; h) in its entirety naturally determines spectral dynamics, its ω = 0 limit enables the h-dependence of a range of important static properties to be deduced. The singleparticle spectrum at the Fermi level is given by π∆ 0 D(0; h)
it determines the (T = 0) linear conductance of a quantum dot modelled by an AIM, via [12] G c (h) = (e 2 /πh)π∆ 0 D(0; h) (for equal dot-lead couplings). Likewise the (excess) impurity magnetization M i (h) follows from the Friedel sum rule as [2] 
(for either spin σ), with the corresponding susceptibility χ i (h) = ∂M i /∂H given by
And the Wilson ratio,
, is given by
Σ σ = Within the LMA [8, 9] 
) is separated into a purely static Fock contribution (with local moment |µ(h)|) that alone would survive at the crude meanfield (MF) level of unrestricted Hartree-Fock; plus a dynamical contribution Σ σ (ω; h). The latter includes in particular a nonperturbative class of diagrams ( fig. 1 ) that embody dynamical coupling of single-particle excitations to low-energy transverse spin fluctuations, and hence capture the spin-flip scattering essential to describe the strong coupling (SC) or Kondo regime for U = U/π∆ 0 ≫ 1. These are expressed in terms of MF propagators (solid lines in fig. 1 ),
and for ω = 0 in particular
The transverse spin polarization propagator Π +− (ω) (shown hatched in fig. 1 ) is given at the simplest level by an RPA-like particle-hole ladder sum in the transverse spin channel; G (±) σ (ω) denote the one-sided Hilbert transforms of G σ (ω; h).
LMA : h = 0. We first review briefly the LMA for h = 0, an understanding of which underpins the general case h = 0; full details are given in [8] . Here the key idea is symmetry restoration, reflected inΣ LMA: h > 0. For h = 0, two degenerate MF states arise [8] . The degeneracy is naturally removed for h = 0, where one or other state is picked out according to sgn(h). The appropriate MF propagators then determine the many-body LMA self-energiesΣ σ , which satisfỹ Σ σ (ω; h) =Σ −σ (ω; −h) as well as p-h symmetry (and hence e.g.
For convenience in what follows we consider explicitly h > 0. Our primary aim is to consider the SC Kondo limit of the AIM. To this end we thus consider finite h/∆ 0 z(0) in the SC limit where z(0) → 0.
Since
, and the LMA Σ σ ≡ Σ σ G σ is a functional of the MF propagators given by eq. (6), it follows generally that the h-dependence is embodied fully in x(h) = U 2 |µ(h)| + h (with |µ(0)| such that eq. (8) is satisfied for h = 0). The LMAΣ σ (ω; h) for h > 0 is thus formally equivalent to that for h = 0, but with 
Here we have also introduced the scale T 0 defined by k B T 0 = π∆ 0 z(0)/4, in terms of which the exact linear susceptibility in the SC Kondo limit is [2, 11] (10) are the basic LMA equations appropriate to the SC Kondo limit of the AIM. The Wilson ratio follows directly from eqs. (5) and (10) . It is given by R W (h) = 2 for all finiteh = h/k B T 0 and k B T 0 → 0. This is the exact result for the Kondo limit, including its field (in)dependence [13] . It is not however recovered by conventional approaches such as the slave boson mean-field approximation or 1 N -expansions to leading order (with N the impurity degeneracy), which give [2] R W (0) = 1 corresponding to non-interacting quasiparticles.
The magnetization in SC likewise follows from eqs. (10) with (3) (where the 'bare' h may be neglected since h =hk B T 0 → 0); namely (for h > 0)
This is exact asymptotically for both weak and strong fieldsh = h/k B T 0 . Forh ≪ 1 it yields
2 /4k B T 0 , thus capturing the exact χ i (0). Forh ≫ 1, eq. (11) gives
It thus recovers the slow logarithmic approach to saturation, although only the leading such correction is obtained, the exact M i (h) being given by [11] 
2 ). Fig. 2 shows the fullh-dependence of M i (h) compared to the exact Bethe ansatz result for the Kondo model [11] . The agreement is very good throughout; the deviation is at most ∼ 10%, occuring for fieldsh ∼ O(1). Hence the field-dependence of the linear conductance, given (using eq. (3)) by
, is in turn well captured by the LMA, recovering the exact limits (πh/e
2 )G c (h
−2 forh ≫ 1. Similar comments apply to the susceptibility χ i (h) which is also shown in fig. 2 , and is likewise exact asymptotically in the weak and strong field limits. Finally, since the LMA recovers correctly R W (h) = 2 for allh, theh-dependence of the specific heat coefficient γ i (h) ∝ χ i (h) is precisely that of χ i (h). Having discussed the SC Kondo limit, we now turn briefly to LMA results for finite-Ũ , focusing on the susceptibility χ i (h) ≡ χ i (h;Ũ ) (eq. (4)). The LMA recovers correctly R W (0) = 2 in the Kondo limit, but does not yield the exact exponential approach (inŨ ) to it, giving instead algebraic behaviour (R W (0) ∼ 2 − O(1/Ũ)); χ i (0;Ũ) is thus underestimated somewhat by the LMA. Nonetheless forŨ = 10, and over essentially the entireh-range shown in fig. 3 ,χ i is very close to its universal SC Kondo limit ( fig. 3, solid line) , exhibiting in particular the high-field behaviourχ i ∼ [h ln For sufficiently large fields at any finiteŨ however,χ i (h;Ũ ) should exhibit a crossover to behaviour charactristic of the free-orbital regime. That the LMA correctly captures such behaviour is illustrated in fig. 3 forŨ = 4 , where h = U 2 is marked by an arrow.χ i (h;Ũ) is seen to cross over from Kondo-like behaviour and for h ≫ U 2 becomes proportional (parallel in fig. 3 ) to the non-interactingχ i (h; 0) (shown dotted in fig. 3 ). This is indeed the free-orbital regime: here the susceptibility itself, χ i (h;Ũ ), is in practiceŨ -independent and coincides with itsŨ = 0 limit χ i (h; 0) ∼ [∆ 0 /h] 2 (such thatχ i (h;Ũ ) ∝ z(0)[∆ 0 /h] 2 for fields h ≫ U 2 ). In summary, we have developed a local moment approach to static magnetic properties of the Anderson model. The approach encompasses all field and interaction strengths and, its undoubted simplicity notwithstanding, we find in particular for the strong coupling Kondo regime that it leads to good quantitative agreement with exact results obtained from sophisticated methods such as the Bethe ansatz [2, 11] . However the LMA can handle in addition both non-integrable models and dynamical properties [6] [7] [8] . Its success in capturing static magnetic properties, particularly in the strong coupling regime, suggests its efficacy as a viable route to e.g. the field dependence of single-particle dynamics. We will discuss this important issue in a subsequent publication. * * *
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